Single-particle tracking of individual membrane molecules is now the method of choice to decipher the molecular organization of the plasma membrane. By labeling proteins or lipids with latex beads, 40-nm gold nanoparticles, or small organic fluorophores, it is possible to analyze the mechanisms controlling their lateral dynamics. Semiconductor quantum dots (QDs) provide several advantages for tracking membrane molecules: (1) Their size, which is intermediate between those of organic dyes (1-4 nm) and large beads (100 nm to 1 µm), remains close to the molecular scale; (2) their photostability allows observation over long durations; (3) parallel detection of multiple spots in a field of view is easy; and (4) multicolor imaging is facilitated by their absorption properties. In general, the labeling of membrane molecules is based on the targeting of an extracellular epitope by a tagged antibody or ligand. By progressively decreasing the concentration of markers, a regime is reached where isolated tags can be detected and tracked. We present here a protocol based on the successive use of biotinylated primary antibodies and streptavidin-coated QDs.
MATERIALS
It is essential that you consult the appropriate Material Safety Data Sheets and your institution's Environmental Health and Safety Office for proper handling of equipment and hazardous material used in this protocol.
RECIPES: Please see the end of this article for recipes indicated by <R>. Additional recipes can be found online at http://cshprotocols.cshlp.org/site/recipes.
Reagents
Biotinylated primary antibody (monoclonal or polyclonal against an extracellular epitope) Cultured cells on glass coverslips
The incubation volumes used in this protocol correspond to cells grown on a circular coverslip with an 18-mm diameter.
Equipment
Coverslips (circular, 18-mm diameter) Heating block for cell labeling Imaging chamber (e.g., Attofluor cell chamber from Life Technologies) Incubator preset to 37˚C METHOD 1. Place a coverslip with cultured cells on a surface maintained at 37˚C and rinse three times with MEM-AIR.
2. Incubate the cells with 100 µL of biotinylated primary antibody (at 1-10 µg/mL) for 10 min at 37˚C.
The labeling conditions critically depend on the affinity of the primary antibody. Therefore, the dilution and the incubation time may need to be adjusted. Once the conditions have been optimized for single QD imaging, check the specificity of labeling by omitting the primary antibody and/or using an unrelated antibody.
3. Wash the sample three (or more) times in MEM-AIR.
4.
Incubate the cells in 100 µL of QD-streptavidin conjugate suspended at a concentration of 1 nM in 1× QD-binding buffer supplemented with 215 mM sucrose for 1 min at 37˚C.
The sucrose increases the osmolarity of the buffer to a physiological level (300 mosmol).
5. Wash at least five times in MEM-AIR to remove unbound QDs.
6. Mount the coverslip in a chamber and image in MEM-AIR at room temperature or 37˚C.
An example of surface QD labeling on transfected cells is shown in Figure 1 .
7.
Record continuous or time-lapse sequence of images.
Continuous acquisition usually necessitates the use of small regions of interest (e.g., 64 × 64 or 128 × 128 pixels) to achieve high data transfer rates. The duration for acquiring image sequences depends on the turnover of the labeled proteins. Endocytosis of QD-tagged proteins can be tested with an acid wash (Tardin et al. 2003) or by using double staining with an endocytic marker. 
RELATED INFORMATION
A modified version of this protocol, described in Bannai et al. (2007) , can be used in cases where the primary antibody cannot be biotinylated and the labeling requires a secondary Fab (antigen-binding fragment). In cases of long observations, the medium can be supplemented with 1% (v/v) penicillin-streptomycin. Use a stock solution containing 10,000 units of penicillin (base) and 10,000 µg of streptomycin (base)/mL utilizing penicillin G (sodium salt) and streptomycin sulfate in 0.85% saline (Life Technologies). Imaging medium should be fresh or kept for no more than 2 d.
RECIPES

QD-Binding Buffer (4×)
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